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(54) Dna chip and its preparation 

(57) A DNA chip favorably employable for detecting 
a DNA fragment complementary to the oligo- or polynu- 
cleotide fixed to the chip is composed of a solid carrier 
and oligonucleotide or polynucleotide which is fixed to 
the carrier in the presence of a hydrophilic polymer. 
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FIELD QF TUP |NVENTIQN 
BACKGROI IMP QF THE IMWPmt.^, 

Southern blotting method). Southern X^^pS^^^^, 30 ^ ^^on method (il. 
sample DNA) by the use of a restrict* enzyme t0 qiv to ZLlS P * ? C ' eaVin9 3 DNA t0 be examined U. 
modular sizes by electrophoresis on agaro^ gel '•SSX-*' 2^ fra9m6n,S havin9 dWerent 

treatment for giving a sing.e stranded DNA Img^fSS^S^^^^ *" MpMmi ° NA ,ra 9 ment to 
a nrtrocellulose filter; hybridizing the fixed sinole stranded nwl * ^ fragment onto a polyamide filter or 

complementary to the fixed sing.e stranded DNA and^vhicfTis SEiK 2"? ^ " ""^ Med ° NA which is 
f-lter; and subjecting the filter to autoradiography fo lua izinn £ t5? •? IT^' 6 " radioactlVe is °'°Pe): washing the 
[0003] The conventional methods usina rSI?^ L 9 , hybnd,2ed DNA fragment on the filter, 
vantageous feature that they C52£3£^^ ^ her " .^ridization method have a disad- 
radiographic process requires a long pifanSrS^^^T^ T Moreover ' the 

:^s isava ^ 

HeLtio^fsr^ 

ner) such as a slide glass or a silicone plate and alSjT ch'P compns.ng a substrate (i.e.. solid car- 

step by step on the carrier. This method Earned Tn-cht meSTl ^•T"' 19 0,i 9° nucleotida or polynucleotide . 
S.P.A.. Science. 251 , page 767 (1991) P ^ " A typ,cal orhchi P method is described in Foder 

wh.ch is synthesized using mRNA as mold) or PPR nrnHitnt r J* cDNA fragment (i.e., complementary DNA fragment 
by PGR method), an aqueous Jj^Z j^XZ^ sZ^T ' T"* * 
on,c coat in a DNA chip-preparing device to aSVD^S^ 0nto 3 f " d Carrier havi " 9 3 po ^ 
blocking a free surface of the polycationic coat Camer V,a electrc »tatic bonding, and then 

S3- 9-p. an aqueous so,, 

oligonucleotide and the carrier surface See UmSre J B ^ ° , J !' *° PrOdU0e COValent bondin 9 betw ^n the 
et a... Nucf. Acids Res.. 22. 5456-^ V^SenLn^ MiSfl^? " 22 ' 2121 " 2125 ' W and Quo. Z , 
vated carrier via a spacer or a cnJ^^SJfc 1^5? i ^ '* C0Va ' ent,y b ° nded to the surtace ac *" 
mide ge.s on a glass p,ate and ^ng ^^^^^^l^ StSpS ° f ali9nin 9 smal1 
between the po.yacrylamide and lhS£SSS. tOZvT* 2Tp maWn9 3 C ° Valent tond 

Sosnowski. R.G.. eta... Proc. Natl. Acad Sci ^94 1^123 M 997^ > ^ ^ USA ' 94 ' 4913 < 1 **)). 
an array of microelectrodes on a silica chip formina on mi„„ Jl?!i 3 Pr ° CesS com P risin 9 the steps of 

and attaching biotin-modified DNA fragmenUo ^ to *>«"-<=™P«™9 agarose .ayer. 

et a... Proc. Natl. Acadl Sci. USA, 93, ?0614- O619 S S P " ° ^ ^ a£,ar ° Se layer Schena ' M - 
pension of an amino group-modified PGR p oduc! n 2 C ^^J 0 ^ 9 ^ St9pS ° f preparin 9 a sus - 

pie DMA fragment commentary to Ib^D^gra^,^™* 231 ' 0 " be,,reen ,ixed DNA *•»"« f 
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SUMMARY OF THE INVENTION 

[001 1 ] It is an object of the present invention to provide a DNA chip having oligonucleotide or polynucleotide which 
is firmly fixed onto a solid carrier. 
5 [0012] It is another object of the invention to provide a method for fixing oligonucleotide or polynucleotide onto a 
solid carrier utilizing a relatively simple means. 

[0013] It is a further object of the invention to provide a process for detecting a DNA fragment complementary to 
oligonucleotide or polynucleotide fixed onto a DNA chip. 

[0014] The present invention resides in a DNA chip comprising a solid carrier and oligonucleotide or polynucleotide 
w which is fixed to the carrier, preferably at its one end portion, in the presence of a hydrophilic polymer. 

[0015] The invention also resides in a method of fixing an oligonucleotide or polynucleotide to a solid carrier at its 
one end portion which comprises spotting an aqueous solution containing the oligonucleotide or polynucleotide and a 
hydrophilic polymer onto the carrier. 

[0016] The invention further resides in a process for detecting a DNA fragment complementary to oligonucleotide 
is or polynucleotide fixed onto the DNA chip of the invention comprising the steps of spotting on the DNA chip of the inven- 
tion an aqueous solution containing the DNA fragment labelled with a fluorescent moiety, incubating the spotted chip 
for performing hybridization between the oligonucleotide or polynucleotide and the complementary DNA fragment in the 
aqueous solution, and detecting the hybridized complementary fragment by f luorometry. 

SO BRIEF DESCRIPTION OF DRAWINGS 

[0017] 

Fig. 1 schematically shows a process for detecting a DNA fragment complementary to oligonucleotide or polynu- 
25 cleotide fixed to a DNA chip of the present invention. 

Fig. 2 is an enlarged view of the DNA chip on which fluorescence indicator-labelled complementary DNA fragments 
are attached to the oligonucleotide by hybridization. 

DETAILED DESCRIPTI ON OF THE INVENTION 

30 

[0018] The fixation of oligonucleotide or polynucleotide on a solid carrier according to the invention is accomplished 
by means of a hydrophilic polymer. Detailed mechanism of the fixation by the hydrophilic polymer is not known yet. It is 
assumed, however, that the hydrophilic polymer assists the known electrostatic bonding between a solid carrier and the 
terminal site of oligonucleotide or polynucleotide. Further, a high viscosity of a hydrophilic polymer may be effective for 
35 forming firm fixation of oligonucleotide or polynucleotide onto a solid carrier. 

[0019] Fig. 1 illustrates a flow chart indicating the preparation of a DNA chip and a process for detecting a DNA 
fragment complementary to oligonucleotide or polynucleotide fixed onto the DNA chip. This flow chart is shown in the 
known publication, Protein, Nucleotide, Enzyme, vol. 43, NO. 13, 1998. 

[0020] According to the database 1 1 concerning genome sequence, cDNA sequence, or EST (i.e., cDNA fragment 
40 of 200 to 300 bp (bp: base pair) from 3-terminal), or from clones 12, oligonucleotide or polynucleotide 21 (e.g., cDNA, 
EST, or oligo DNA) is produced by PCR multiplication process or chemical synthesis. The oligonucleotide or polynucle- 
otide 21 is fixed onto a solid carrier 31a to give a DNA chip 31 having the fixed oligonucleotide or polynucleotide 31b. 
[0021 ] Separately, a DNA-containing sample 41 is subjected to extraction to separate mRNA or genome DNA 51 , 
from which cDNA or target DNA 52 is obtained. The cDNA or target DNA 52 is labelled with a fluorescence indicator 
45 53a to give a labelled target DNA fragment 53 (which may be a labelled RNA fragment). 

[0022] The labelled target DNA fragment 53 is then hybridized with the oligonucleotide or polynucleotide 31b of the 
DNA chip 31 , to give a hybridized DNA chip 61 . The hybridized DNA chip 61 is scanned by fluorometry in a known DNA 
scanning fluorometric apparatus, to give a map 71 indicating the positions where the hybridized DNA fragments are 
present. The known DNA scanning fluorometric apparatus is composed of a fluorescence laser microscope, a chilled 
so CCD camera, and a computer. 

[0023] Fig. 2 illustrates an enlarged view of the DNA chip 61 on which fluorescence indicator- labelled complemen- 
tary DNA fragments are combined to the oligonucleotide by hybridization. 

[0024] The DNA chip of the invention comprises a solid carrier and a great number of oligonucleotides or polynu- 
cleotides fixed on the solid carrier. 
55 [0025] The solid carrier generally is a sheet of hydrophobic or weak hydrophilic material. For instance, the solid car- 
rier may be a transparent glass sheet, a silicon sheet, or a polymer sheet which is prepared from a polymer such as 
polyethylene terephthalate, cellulose acetate, polycarbonate of bisphenol A, polystyrene, or poly-(methyl methacrylate 
A transparent glass sheet and a silicon sheet are preferably employed. More preferably, a transparent glass sheet hav- 
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loreef" Z"Z " emP, ° yed ^ ^ pre,erably has a thickness °< 1 °° to 2.000 , m 

silane coupling agent having an amino group ^SS^SJS^^ "2" * With 3 

5 coupling agent and poly-L-lysine in oortntol £££ uTzed Tne SSEf 1 pretreatment usin 9 . silane 
treated surface with a hydrophilic polymer (which o££Z Pre-treated sol.d earner may be covered on its 

The solid carrier per se may have a Dosffive or KSEXJ? P ^ t,Ve ° r ne9at,ve char9e > or a cross-linking agent, 
emptor enhancing^ J carrier is faUbty 

thiol group, or a biotin J^XZStf^E^™ Tt'l ™ *™ 0 9r0U » a " ^^de group a 
enhance electrostatic bonding betwe^tnTs^ func,ional arou P s « effective to 

[0028J The oligonucleotide or SSSfctoSS be svnthSn « P 0 ^***-- 

method, or prepared by cleaving a smgTSed ?NA or Pfepared by PCR ™'«Plication 

« that the oligonucleotide or po.ynuc.eotS to SEX ^ o The ^id ^haTf^ T *" ft iS P ' e,erred 

[0029] The oligonucleotide or polynucleotide "dSSweS or ^1 b3Se SequenCe 

ymer. The aqueous solution containing the SniteSS^ , *" aqUe ° US S °' Uti ° n 0f a "^rophilic pol- 
genera.ly on a plastic plate having 96 o, 3W T^^t j^^ "E? ' Mr ° PhiliC P °' ymer iS ° nC6 P ' aced 
[0030] The hydrophilic polymer may Smc ^c * l° M """" USing a Spottina mea "S- 

» ferred is a cationic polymer ' C ' W am P hoter,c - A "onioic polymer is also employable. Pre- 

SU^nT^ 

ride). • polWvinylbenzylthmethyiaLonium ch oridef SJSeTv^ Chl °" 
poly(ethylenetrimethylammonium chloride acrJtotal A 'enetr.methylammon.um chloride acrylate), and 

viny.pyrrolidone.po.yviny.imidazole orpo^ po1 ^ «*h as po.y-N- 

^icyc.o[ 2 . 2 . 2 ^ 

de^eo^ P°«^y.ene glyco,. po.yviny, alcohol, aceta. 

and saccharides"^., trehalose ^1 a " d ^roxy-propylcellulose). 

trehalose. Most preferred are po.yacrylamide Jn?pSS2"rt2T^ ' Wlam.de. polyethylene glycol and 
[0033] The anionic polymer preferably has such an anionic group as -COO" -SO ■ -n<sn - ph- „ 
ferred anionic polymers are carboxymethvlcellulosp re\\,.i n * a i « . . ' 3 ' S ° 3 ' " P ° 3 • or ' P0 2 ■ Prft - 
benzenesulfonic acid, or sate T 2^ aS ooTmers S' ^ T"? ^ a ^ P****- 

polyvinytoenzenesulfonate. andean^ Pr6fe,Ted are Sodium Palate, sodium 

Sin is p E rS? ° f amPh ° teriC PO ' ymerS inC ' Ude Pr ° teins such as al ^n. gelatin, gelatin derivatives, casein. 
soS 5 ^ between the oligonucleotide or polynucleotide and the 

taining anionic polymer. ^ l^^^^^Z^Zl 7** P °f m 3 C °°" 9roup - con - 

orpo,„ 

St of ^^rZZX^^^^T^ — ^ ~ — - - 
eThasa^ol^^^ 

erably spotted onto the solid carried ant^nt on e? to oW iS P^ 

terms of weight, several ng or less of oligonucleotide or po^nuc eotide i™Ld Th* J .T^ ^ ' n 
is made onto the solid carrier to form several dots havino almost h!c T J P ° n '" 9 ° f lhe aqueous solution 
dots to have the same form and ST£i2£S2 £ , T T ^ " is imp ° rtant to P re P are *«» 
from each other with a distance o t 5 mm SSS^SSffS^ 1 ^- ™ formed Sepa ' atel * 

to 300 „m. ' preterab| y 100 to 300 urn. One dot preferably has a diameter of 50 

Seso^rs 

under heating is preferably adopti^ 2=S5S ^2 
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bridge between the solid carrier and the attached oligonucleotide or polynucleotide. The free (namely, unfixed) oligonu- 
cleotide or polynucleotide is washed out with an aqueous solution. The washed solid carrier is then dried to give a DNA 
chip of the invention. 

[0039] The DNA chip of the invention is favorably employable for monitoring of gene expression, sequencing of 
s base arrangement of DNA, analysis of mutation, analysis of polymorphism, by way of hybridization. 

[0040] A target DNA fragment or a sample DNA fragment which is subjected to the analysis concerning the pres- 
ence of a complementary DNA fragment can be obtained from various origins. In the analysis of gene, the target DNA 
fragment is prepared from a cell or tissue of eucaryote. In the analysis of genome, the target DNA fragment is obtained 
from tissues other than erythrocyte. In the analysis of mRNA, the target sample is obtained from tissues in which mRNA 
w is expressed. If the DNA chip has an oligonucleotide fixed in its solid carrier, the target DNA fragment preferably has a 
low molecular weight. The target DNA may be multiplied by PCR method. 

[0041] To the target DNA fragment is attached an Rl label or a non-RI label by a known method. The non-RI label 
is preferably utilized. Examples of the non-RI labels include fluorescence label, biotin label, and chemical luminescence 
label. The fluorescence label is most preferably employed. Examples of the fluorescence labels include cyanine dyes 

7 * (e.g., Cy3 and Cy5 belonging to Cy Dye™ series), rhodamine 6Q reagent, N-acetoxy-N 2 -acetyl-aminofluorene (AAF), 
and AAIF (iodide derivative of AAF). The target or sample DNA fragments labelled with different fluorescence indicators 
can be simultaneously analyzed, if the fluorescence indicators have fluorescence spectrum of different peaks. 
[0042] The hybridization is performed by spotting an aqueous sample solution containing a target DNA fragment 
onto a DNA chip of the invention. The spotting is generally done in an amount of 1 to 1 00 nL, The hybridization is carried 

20 out by keeping the DNA chip having the spotted sample solution thereon at a temperature between room temperature 
and 70°C, for 6 to 20 hours. After the hybridization is complete, the DNA chip is washed with an aqueous buffer solution 
containing a surface active agent, to remove a free(unf ixed) sample DNA fragment. The surface active agent preferably 
is sodium dodecylsulfonate (SDS). The buffer solution may be a citrate buffer solution, a phosphate buffer solution, a 
borate buffer solution, Tris buffer solution, or Goods buffer solution. The citrate buffer solution is preferably employed. 

25 [0043] The hybridization on the DNA chip is characteristic in that an extremely small amount of the sample or target 
DNA fragment is subjected to the analysis. In order to perform the desired hybridization appropriately, optimum condi- 
tions should be determined. 

[0044] The present invention is further described by the following examples. 
30 Example 1 : Fixation of PCR product 
(1) Preparation of slide glass 

[0045] A slide glass (25 mm x 25 mm) is immersed for one hour in an aqueous ethanolic solution of 50 g of sodium 
35 hydroxide in a mixture of 150 mL of distilled water and 200 mL of ethanol. The slide glass is washed with a distilled 
water and then immersed in an aqueous solution of 10 vol. % of poly-L-lysine (available from Sigma Co.). Thus treated 
slide glass is centrifuged using a plate centrifuging apparatus, and then dried at room temperature. In the below-men- 
tioned examples, thus treated slide glass was employed. 

40 (2) Preparation of PCR product (oligonucleotide) 

[0046] A PCR product prepared from yeast was protected with an amino group at S'-position and labelled with a flu- 
orescence indicator (FluoroLink Cy5-dCTP, available from Amasham Pharmacia Biotec Corp.). 

<s (3) Spotting of PCR product-containing solution 

[0047] An aqueous solution of the above-obtained PCR product in diluted buffer solution (3xSSC. that is, Standard 
sodium chloride-citrate buffer solution, 0.5 mg/mL) was prepared. To the aqueous PCR product solution was added car- 
boxymethylcellulose (CMC) to give a 1 vol.% CMC soultion. The solution containing PCR product and CMC was spotted 

50 in an amount of 1 nL onto the glass slide using a spotter. The slide glass was immersed in an aqueous mixture of a 
standard solution (0.2xSSC) and 0.2 wt.% sodium dodecylsulfate (SDS) solution for 10 minutes under intermittent 
shaking. The slide glass was then immersed in ethanol and dried at roan temperature. Thus dried slide glass was 
scanned for detecting fluorescence strength. The detected fluorescence strength is set forth in Table 1. 
[0048] The above-mentioned procedure was repeated using a 0.5 vol.% CMC solution in place of the 1 vol.% CMC 

55 solution. The detected fluorescence strength is also set forth in Table 1 . 
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Comparison Fxamnl* v Fiv ^ on of Pr , R pr ^,,^ 
Comparison Fxamnl* 9- Fiv a « on Qf PnR pmH „,., 

SSL i^JSS^^SSiss rra oTm s h S sodi S Mr09en carbonate was added - 

w fluorescence strength is set forth in Table 1 Um hydr0gen solution. The detected 

Exa mple 2: Fixation of Pr.R product 

strength in each run is set forth in Table 1 80 ° f ° r ° ne hour - The de,ected florescence 

Example 3: Fixa tion of PP.R pr^..^ 

S5 2LJiS,S£^ J** * 9- spotted with the solution containing 

of a mixture consisting 315 mL of 1 —^ZZ^"™"™*"?" ^ and then washed with a solution 

Example 4 Fiva tjon of PHR piwH,.^ 

Example 5. Fixation of PP. R product 

^ioduJlS^^i?^; ISS r ^ « S n? ^ ^ With *• Sto fining 

35 was irradiated with u.»ravlo.et(UV) rays aS iSl^ST.t?? 5 ° nehour ' and ,hus "«« slide glass^ 
rolidone. 5 g of succinic anhydride and 35 mL of an^nf ,m T ^ ° <a m,Xture of 315 mL of 1 -methyl -2-pyr- 
in each run is set forth in Tabte Q ^ 1 M b ° nC aC,d Solution - The detecte d fluorescence strength 
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Table 1 





Additive 


Fluorescence strength 


Example 1 


1 vol.% CMC 


265 




0.5 vol.% CMC 


159 


Com. Ex. 1 


None 


35 


Com. Ex. 2 


NaHC0 3 


26 


Example 2 


1 vol.% CMC 


1233 




0.5 vol.% CMC 


1254 


Example 3 


1 vol.% CMC 


766 




0.5 vol.% CMC 


650 
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Table 1 (continued) 





Additive 


Fluorescence strength 


Example 4 


1 vol.% CMC 


1853 




0.5 vol.% CMC 


1923 


Example 5 


1 vol.% CMC 


1549 




0.5 vol.% CMC 


1666 


Example 6 


1 vol.% CMC 


353 




0.5 vol.% CMC 


332 



[0056] The results set forth in Table 1 Indicate that the incorporation of carboxymethylcellulose(CMC) into the solu- 
is tion of DNA fragment (i.e., PCR product) is effective to firmly fix the DNA fragment onto the slide glass. Further, activa- 
tion of DNA fragment by attaching a functional group such as an amino group at its terminal position is effective to 
enhance the fixation of DNA fragment onto the slide glass. Furthermore, heat treatment or UV irradiation enhances the 
fixation of DNA fragment onto the slide glass. 

so Example 7: Detection of complementary DNA fragment 
(1) Preparation of DNA chip 

[0057] A PCR product was prepared from a gene fragment of yeast (comprising approx. 2,000 base units) and 
25 attached with an amino group at its terminal position. The amino group-containing PCR product was dissolved in diluted 
buffer solution (3 x SSC, that is, Standard sodium chloride-citrate buffer solution, 0.5 mg/mL). To the aqueous PCR 
product solution was added a hydrophilic polymer (set forth in Table 2) to give a 1 vol.% solution. The solution containing 
PCR product and hydrophilic polymer was spotted in an amount of 1 nL onto the glass slide using a spotter. 
[0058] The slide glass spotted with the solution was heated in water at 80°C for one hour, and thus heated slide 
30 glass was irradiated with ultraviolet (UV) rays at 1 20 mJ, and washed with a solution of a mixture of 31 5 mL of 1 -methyl- 
2-pyrrolidone, 5 g of succinic anhydride, and 35 mL of aqueous 1M boric acid solution. 

[0059] The slide glass was immersed in an aqueous sodium bromide solution for 10 min. under intermittent shak- 
ing. The slide glass was then. immersed in ethanol and dried at room temperature, to give a DNA chip of the invention. 

35 (2) Preparation of labelled DNA fragment 

[0060] mRNA extracted from yeast was subjected to reverse transcription, and to the produced DNA fragment 
(cDNA fragment) was attached dCTP having Cy5 label. Thus, a labelled cDNA fragment was obtained. 

40 (3) Hybridization 

[0061 ] The above-obtained cDNA fragment (1 mM) was dispersed in 20 nL of a hybridizing solution (mixture of 4 x 
SSC and 10 wt.% SDS solution). The cDNA fragment solution was spotted on the DNA chip, and the cDNA fragment 
solution spotted on the DNA chip was incubated in a moisture chamber at 60°C for 20 hours. The incubated chip was 
45 immersed in a mixture of an aqueous 0. 1 wt.% SDS solution and a standard solution (2 x SSC). Thus treated chip was 
washed successively with a mixture of an aqueous 0.1 wt.% SDS solution and a standard solution (2 x SSC), a mixture 
of an aqueous 0.1 wt.% SDS solution and a standard solution (0.2 x SSC), and a standard solution (0.2 x SSC). The 
washed chip was centrifuged at 600 r.p.m. for 20 sec, and then dried at room temperature. 

[0062] The dried slide glass was scanned for detecting fluorescence strength. From the detected fluorescence 
so strength is reduced the background fluorescence strength which was observed when a sample solution containing no 
fluorescence labelled-DNA fragment was spotted and treated in the same manner. Thus processed fluurescence 
strength is set forth in Table 2 in terms of a relative value, in which the relative value is expressed in terms of value rel- 
ative to the fluorescence strength detected on the DNA chip which was treated in the same manner except for using no 
hydrophilic solution. 

55 
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Polya^iazonia^^ 
Polyacrylamide 

Polyethylene glycol (M.W.: 4,000) 
Polyethylene glycol (M.W.: 20,000) 
Polyacrylic acid 

Carboxymethylcellulose (CMC) 
Albumin 
Trehalose 

Poiyvinylbenzenesulfonate 



10 
10 
2 
6 
5 
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1.5 
1.5 



25 



30 



Claims 

3. The DMA chip of claim 1 . wherein the solid carrier is coated with poly-L-lysine. 

po.y(sodium acrWe). -CESK^ chlori <^ P°'yacry«amide. pCye^ine g.yco°, 

7. The DNA chip ot claim 1 , wherein the o.igonuCeotide or polynuc.eotide is known in its base sequence. 

8. The DNA chip of Cairn 1 . wherein the o.igonuCeotide or po.ynuCeotide is a syntheticai.y prepared product 
<s 9. The DNA chip of claim 1 , wherein the o.igonuCeotide or po.ynudeotide is a c.eaved DNA fragment 

so "-£ n -«^^ 

12. The method o, Cairn to. which further comprises the steps of washing the spotted carrier and drying the washed 



55 



8 



SNSDOCtD: <EP_ 



10?6259A1_I_> 



EP 1 026 259 A1 



ner in the presence of a hydrophilic polymer, incubating the spotted chip for performing hybridization between the 
oligonucleotide or polynucleotide and the complementary DNA fragment in the aqueous solution, and detecting the 
hybridized complementary fragment by f luorometry 
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